On reading the lead article, The Increasing Burden of Regulation, in the April 1999 issue of RDS News, 1 I experienced a mixture of emotional states, ranging from disbelief and annoyance to frustration and sadness. In this article, the Executive Director of the Research Defence Society, Mark Matfield, claims that the new measures introduced by the Labour Government to the existing legislation controlling animal experimentation in the UK will improve animal welfare but hinder scientific research. Dr Matfield asserts that the degree of regulation now facing investigators "is seriously impeding some areas of science in the UK". He believes that the increased focus on animal welfare is not justified in terms of the likely resulting loss of scientific benefits.
Dr Matfield is not alone in his concerns over the potentially disproportionately large administrative burden that those wishing to use animals must now overcome before they can proceed with their planned experiments. For example, as mentioned in the Editorial in the March/April issue of ATLA, 2 the US National Institutes of Health (NIH) has also been investigating the burden being placed on scientists by mounting regulatory requirements and legislative reforms. Consequently, the animal care and use workgroup report of the NIH investigation recommended several ways in which regulatory requirements could be simplified. However, some of these proposals could decrease animal welfare and impede the development and implementation of alternative, non-animal methods of experimentation. This issue therefore demands serious attention, since it is crucial that scientists accept the need for the increased importance placed on the ethical and welfare issues of animal experimentation. It is also of vital importance that scientists accept this need because they understand its scientific basis. In this Editorial, I intend to give my reasons for supporting this view, and for disagreeing with almost every point made in the RDS News article.
I did not believe what I read in the article, because I thought that Dr Matfield, and those he represents who undertake animal research, fully appreciated the importance of animal welfare and the implementation of the Three Rs. If this were true, why do they not welcome further sensible measures to apply these principles to animal experimentation? I became annoyed, because I now realise that this does not appear to be the case, despite what is often said in public by such individuals. I felt frustrated that those of us involved in promoting animal welfare and the Three Rs are apparently not getting our message across clearly. Lastly, I was sad that, through the article in RDS News (the mission statement for which is "understanding animal research in medicine"), many animal researchers will be misinformed, and the work of those promoting animal welfare, the Three Rs and better science will be undermined. Scientists need every encouragement to implement best practice in their work, both in the animal house and in the laboratory. The last thing they need is to be dissuaded from this by reading unbalanced, inaccurate articles, such as the one produced by Dr Matfield. These emotions stimulated me to write this Editorial.
Dr Matfield has tabulated what are, in his opinion, the beneficial and detrimental effects for scientific research of the 18 measures introduced by the Labour Government since 1997. It should be noted that some of the changes were initiated before 1977. I have modified his table to show both the effects of the measures, as originally asserted, and the effects that I consider they will have (Table I) . Also, an additional column, entitled "improve science", has been inserted under the general heading "helps scientific research". This modification is justified on the basis that it is misleading to consider the beneficial effects on research, without assessing the potential for improving the quality of scientific research. Dr Matfield acknowledges that most of the Editorial ATLA 27, [309] [310] [311] [312] [313] [314] [315] [316] 1999 b This is the original wording, which is assumed to infer permitting/preventing the application of an existing technique.
c Increased production costs could arise by using in vitro methods.
APC = Animal Procedures Committee. ERP = Ethical Review Process.
changes might have a positive influence on animal welfare, although he has focused on their possible effects on the process of conducting scientific research. However, in my view, it is ridiculous to neglect animal welfare and the crucial direct link between animal welfare and best scientific practice in this discussion. This is a view shared by others, as illustrated by a statement made by a working group on refinement that ". . . refinement can also enhance the quality of science and reduce the economic cost of animal research, and the justification for its application can be made on these criteria, as well as on welfare grounds". 3 I shall discuss the evidence for a relationship between animal welfare and good science later, but first let us analyse the information in Table I . The ascites method ban is considered by Dr Matfield to hinder scientific research by increasing costs and preventing application of techniques; he can see no benefits from abandoning the ascites method. In contrast, I consider that this measure will benefit research on five counts, while perhaps temporarily increasing the time and involving a modest increase in the financial costs of undertaking research in those establishments lacking the necessary in vitro methodology to produce monoclonal antibodies via alternative tissue culture methods. In fact, this is an excellent example of how advances in technology have resulted in a complete replacement method which, in most cases, can obviate the need to use the mouse as a culture vessel. 4 Moreover, the introduction of this alternative method for generating monoclonal antibodies has led directly to scientific improvements. Thus, the proposed European Guideline on monoclonal antibody production makes the two following relevant statements: "such in vitro methods have the additional advantage of producing antibodies with very high immunoreactivities" and "modern technology provides a variety of economically acceptable in vitro systems which enable the generation of both high concentrations and/or yields of mAbs [monoclonal antibodies]. "5 Dr Matfield also considers that the bans on cosmetic product, alcohol/tobacco and cosmetic ingredient testing will have neither beneficial nor adverse effects on scientific research. I suspect that he does not feel that these measures will have much detrimental impact on research, simply because so few animals have been used for such testing in the UK. However, these bans should improve both techniques and science. Thus, the bans on cosmetic product and ingredient testing are very likely to stimulate renewed efforts to develop alternative methods, to understand the possible interactions between ingredients in finished products, and to investigate the increased ethical and responsible use of human volunteers, for both efficacy and safety testing. Moreover, the eventual replacement of subjective and scientifically unsatisfactory animal methods, such as the Draize rabbit eye irritation test, with a battery of tests based on modelling mechanisms of eye irritation in human cell systems, would surely be considered to improve techniques and science. In the case of the tobacco industry, the need to avoid the use of animals, particularly with whole-body or nose-only inhalation techniques, has prompted a great deal of research into developing methodologies for the exposure of cell cultures to smokes and dusts (for example, Massey et al. 6 ).
Dr Matfield considers that the recent changes to the Animal Procedures Committee (APC; i.e. more animal welfarists on the committee, an increased budget, and an independent secretariat) will have no effects. On the contrary, these changes are likely to be beneficial to research. The presence of more animal welfarists is essential if the APC is to maintain a sensible balance between those with opposing views on the use of animals in biomedical research and testing. Also, the presence of individuals with expertise on alternatives, and access to relevant information sources, should facilitate research, rather than hinder it. Such expertise and interest in alternatives will also be beneficial in judging external applications to the APC for funding for research on alternatives. This will directly encourage technical developments, and will improve scientific research, as will an increased APC budget, by providing more resources for the APC to undertake investigations into specific issues, and to fund new projects directly related to the Three Rs. The effects of an independent APC secretariat are perhaps a little more difficult to predict, although presumably such an administrative change has been undertaken to improve the day-to-day running of both the APC and the Home Office Inspectorate.
In February 1998, the UK Home Office announced a new requirement that all establishments designated under the Animals (Scientific Procedures) Act 1986 should have an Ethical Review Process (ERP) installed by 1 April 1999. The three principal aims of the ERP are to: a) provide independent ethical advice to the certificate holder (the named individual charged with the legal responsibility for all the animal facilities, and for all procedures conducted at the relevant establishment), particularly with respect to project licence applications and standards of animal care and welfare; b) provide support to named people under the 1986 Act and provide advice to licensees regarding the animal welfare and ethical issues arising from their work; and c) promote the use of ethical analysis to increase awareness of animal welfare issues, and develop initiatives leading to the widest possible application of the Three Rs. Thus, the ERP is intended to facilitate consideration of whether animals should be used for particular purposes and, if so, how they should be used. It should be noted that it is not a legal requirement for persons independent of the establishment (lay-persons) to be part of the ERP, although it is considered by some (including myself) to be highly desirable. 7 From the RDS News article, Mark Matfield is clearly primarily concerned with the potential detrimental consequences of the ERP to scientific research. He sees no scientific benefits from this process whatsoever. However, it is interesting to note that all his concerns are of a logistical nature, i.e. they relate to increased costs and/or the time taken to conduct research and/or the number of staff required. He does not consider that the implementation of the ERP will directly impede research by preventing techniques. This is surprising, as one would consider that scrutiny of applications by a local ethics committee might result in the establishment concerned being prohibited from undertaking some animal research, whatever the cost to the animals, or the benefit to society (see later). Such a decision could prevent the application of techniques, although this would probably be for very good reasons.
An increased bureaucratic burden imposed on establishments is one possible problem arising from the introduction of the ERP. 8 The other principal objections are that there is the potential for duplication or conflict between local ethical review and the legal operation of the 1986 Act via the Home Office Inspectorate system, and that there is the potential for variation across the UK in terms of permissible types of animal experimentation and levels of animal welfare, due to local decisions. Those who voice such concerns also often assert that the existing legislation provided by the Home Office Inspectorate and the APC under the 1986 Act is sufficient to control animal experimentation. They also cite further constraints exercised by the ethical requirements of bodies funding research, and also by the need for publications to satisfy ethical standards laid down by several major journals. However, the policies of scientific journals publishing work on animal experimentation are variable and considered by many to be unsatisfactory. 9 Also, the ethical policies of major funding bodies in the UK are likely to be formulated mainly according to national legislation, and cannot consider local views.
The main intended function of local ethical review is to enhance consideration of new research projects by widening the process of consultation, and by focusing on ethical debate at an institutional, rather than a national, level. 8 By doing this, and at the same time ensuring the best possible scientific and animal welfare standards, the ERP can assist those in establishments, either directly or indirectly involved in animal experimentation, in dealing with external questions relating to the local use of animals. One of the ways in which this can be achieved is by requiring those proposing animal research programmes to justify their work clearly on paper and verbally to others, particularly when lay-persons are involved. This is important if an objective cost-benefit assessment is to be undertaken. Moreover, irrespective of the benefits and costs, there must be a full and unbiased consideration of whether or not the proposed research conforms to local ethical and scientific criteria. These issues are discussed in more detail later.
It is important to accept that local establishments might consider that national legislation and requirements imposed by the Home Office Inspectorate might not be sufficiently stringent for their purposes. For example, under the ERP, a local ethics committee might consider the use of all primates, certain forms of genetic engineering of animals (for example, those involving the generation of new transgenic strains, as opposed to the use of existing models), animal cloning and the testing of household products, to be ethically unacceptable for the establishment concerned, despite such work being permissible under current national legislation. Certain procedures on animals, such as taking blood from the retro-orbital sinus or the use of extensive tail section biopsies for DNA sampling, might also be thought to be unethical by an establishment, even if they were considered scientifically necessary, and might be permitted by the Home Office. Tests such as the LD50 acute lethal potency test, might also fall into this category. Hence, some forms of animal experimentation might be deemed unacceptable under any circumstances; a con-cept proposed in relation to research involving transgenic animals. 10 This is because the potential costs to the animals are seen to be so great that they outweigh any possible benefits of the research, at least under all normal circumstances. As such, a proposal would, therefore, not be considered appropriate for cost-benefit analysis. Also, a local ethics committee might alter a proposal substantially due to its detailed knowledge of the kind of expertise and/or facilities available in the establishment. Thus, even if a project proposal made by a member of staff at an establishment conforms to national legislation, it should be the responsibility of that establishment to decide whether or not the proposal conforms to its own ethical and scientific codes of conduct.
Undertaking a cost-benefit analysis is complicated by the many considerations that must be taken into account. It is perhaps tempting for some to think of justification in terms of the cost-benefit equation. It should, however, be remembered that both of these parameters are extremely complex. Thus, the extent of benefit depends on issues such as the importance of the objectives, dictated by the background to, and nature of, the work, as well as the probability that the objectives will be achieved. The latter is determined primarily by the scientific quality of the proposed approach, as well as the expertise of the staff involved and the facilities available. Costs to the animals should be determined by an accurate assessment of the adverse effects of the work on the animals, as well as their ability to cope with such effects (in relation to strategies for maximising refinement). It is surely more appropriate that such far-reaching and complex ethical and scientific decisions should not be left primarily for two individuals to take, as has been the case hitherto. This is especially true when one of these individuals is external to the institution, who cannot take ethical decisions on behalf of the establishment, and who will be less conversant with local facilities than others in the establishment. The other individual will be the potential project licence holder, who has formulated the project proposal and therefore has a direct interest in the outcome.
The availability of a local ERP, comprised of input from a professional ethicist, together with training courses in ethics, should help individuals on local committees to reach consensus on the above issues. Ethical and scientific discussions at a local level will also encourage scientists to think more carefully about the ways in which they plan their work at the early stage of developing an overall research strategy, rather than making assumptions regarding the necessity of animal work which later dictate their research proposals. 11 An objective assessment will also be facilitated by the presence of someone independent of the establishment (or at least the research project and those proposing it) to ask basic questions from a general viewpoint. 7 Ideally, the benefits to society of any proposed research should be judged by society as a whole. The only pragmatic way to do this is by the use of local committees comprised of individuals who can represent members of society to some extent. To this end, scientists will be required to present their justification and study plans for the proposed research clearly, and in readily understandable terms. This is a very important function of local ethical review. 12 If the above is accepted, and if local ethical concerns and legal issues are dealt with independently, it follows that implementation of an ERP alongside the Home Office Inspectorate system should not result in any unnecessary conflict or duplication of effort. The ERP and the Inspectorate system should therefore enhance one another to the benefit of establishments and scientists. Thus, the ERP is seen as complementary to the Inspectorate system rather than a substitution. Its eventual adoption in the UK, following several earlier suggestions for local ethical review, 13 was motivated by the serious breaches of animal care and handling at a UK contract research laboratory, revealed by a TV documentary in 1997. This documentary provoked mixed reactions among individuals conducting animal experiments, and others involved in animal welfare. For example, some claimed that such breaches of conduct could never happen in their organisation, while others suggested that the same undercover investigation conducted in different establishments might well have revealed similar problems. In reality, it is logistically impossible to adequately police all establishments to prevent all such problems arising. The answer is to prevent them occurring in the first place, by ensuring the existence and maintenance of an appropriate culture of care in establishments. This, in essence, is what the ERP is about, and issues such as staff training, competence and awareness of animal welfare (and how it can be maximised) are integral to the ERP.
Variation in the decisions made by local ethical committees regarding which research projects are permissible is an inevitable consequence of devolving the decision-making process to individual establishments. Some degree of harmonisation is desirable, and could be achieved through regular meetings between members of different local ethics committees, and by the use of recognised ethical scoring schemes, such as those used in other countries. [14] [15] [16] Dr Matfield, who perceives the ERP as a threat to scientific research, fails not only to appreciate its intended beneficial effects, but also appears to ignore the crucial link between animal welfare and best scientific practice. His view is emphasised by the fact that he considers the only effect of promoting the Three Rs will be to hinder research by increasing the need for manpower! Similarly, he can see no scientific benefits in upgrading dog housing. His thoughts on the way animal experimenters view the calls for increased humanity in science are best summed up in his own words, previously published in this journal: "they [scientists] tend to value science and scientific achievement above everything else -anything which does not directly affect the science tends to be regarded as a secondary issue". 17 This is precisely the problem -scientists in general do not seem to understand that, by paying attention to ethical and welfare issues, and in particular to the Three Rs, they can improve the quality of their science. It is clear from his article that Dr Matfield is more worried about maintaining the quantity of scientific research than ensuring its quality.
It is important to understand that there are data showing that the optimisation of animal welfare and application of the Three Rs principles can directly enhance the scientific quality of research. Thus, there is evidence that stressed animals exhibit abnormal physiology and metabolism, such changes being manifested by modulations in behaviour and hormonal status. 18, 19 Moreover, animals can differ in their behaviour, cognitive ability and stress levels due to the ways in which they are housed and the levels of social pressure and aggression occurring within groups. [20] [21] [22] Animals in an emotionally abnormal state, or those that are compromised by being unable to express their instinctive behavioural activities, including social contact, mating, foraging and investigating their environment, can react in idiosyncratic ways to external stimuli. Moreover, abnormal physiology and metabolism could compromise the scientific validity of studies conducted on stressed animals. Thus, concern for animal welfare is concern for better science; the two concepts are inextricably bound to one another. The general lack of awareness of these facts is reflected in the lack of emphasis on animal welfare in Good Laboratory Practice (GLP) guidelines. This is in contrast to the strong focus given to the checking and quality control of the equipment and the non-animal experimental procedures.
It has to be admitted that much more research needs to be undertaken on the effects that various conditions of husbandry, housing, handling and general welfare have on stress in animals and, in turn, on how such changes can affect their scientific validity as models for biomedical research and testing. Increased knowledge about ways in which the experimental design and data analysis of experiments can be improved is also required. 11 Funding for such work is difficult to obtain, as it is not perceived as being of a fundamental nature or to be cutting-edge science. In fact, this is exactly the opposite of the truth, since it is absolutely necessary if the validity and benefits of work that is considered to be cutting-edge (for example, generating new transgenic animal models) is to be improved and not result in misleading or inaccurate data. 3 Such research would be an excellent subject for funding by the APC. In the meantime, however, scientists would do well to assume that the scientific quality of their research is intimately related to the welfare and general condition of the animals they use.
The RDS article also argues against the ERP on the grounds that the increased administration required will impede scientists from undertaking research, and that there will be unnecessary resource implications for establishments. Dr Matfield cites universities as being likely to be the most adversely affected by the changes, simply because they lack the necessary resources to deal with the extra administration involved. Whilst this could well be true, and although there will be initial extra resource implications, as well as more time needed for project submissions, these consequences will be offset by the fact that the new measures will be of direct benefit to the scientists involved. Once the ERP has been established and implemented, and scientists have incorporated the requirements of local ethical review into their forward-planning, any adverse impact of the extra steps required should be minimised. 23 Moreover, the decisions to be taken by a local ethics committee, and the associated activities of the ERP, will assist the establishment in improving its animal research programmes, and in dealing more effectively with external enquiries and adverse public criticism.
I have therefore substantially modified the original table for the likely impact of the local ERP to reflect the above thoughts and discussion (Table I) . Thus, instead of scoring the nine aspects of the ERP that were identified originally as only having adverse effects on scientific research, I have recorded that several of them will both permit the application of techniques and improve science, with some directly benefiting research by reducing costs, time and manpower in the longer term. Dr Matfield considers that associated matters, such as regular review of managerial systems, animal husbandry, training and the recording of outcomes for retrospective review, are simply ways of hindering scientific research. While some of these measures might increase costs, time and manpower, they are absolutely essential for ensuring the maintenance of a culture of care within an establishment. Perhaps he forgets that staff members change with time and that new individuals must be trained and their performance assessed. The ultimate responsibility for these issues lies with senior management in all establishments. The problems at the UK contract research establishment were due, in part, to poor management practices. A regular review of managerial systems is absolutely vital for the benefit of scientific research.
In conclusion, the new measures introduced by the UK Government, especially the ERP, with its emphasis on the Three Rs, should not be seen by the animal research community as a regulatory burden, but rather as a scientific necessity, and as important as having the required and appropriate laboratory equipment for a project. This view is best illustrated by two quotes from the ECVAM workshop report on the Three Rs: "humane science is good science and is best achieved through the vigorous application of the Three Rs", and "the Three Rs should be seen as a challenge and as an opportunity for reaping benefits of every kind -scientific, economic and humanitarian -not as a threat". 24 The UK should be proud of its stringent regulations on animal experimentation, and the increased emphasis on animal welfare, the Three Rs and best scientific practice, provided by the implementation of these new measures by the current government. However, this achievement should be the impetus for seeking further improvements, and the research community should not to be content with the status quo for the sake of avoiding stringency and complexity, as suggested by the Executive Director of the Research Defence Society. In this way, we should be better placed to ensure that work with laboratory animals in the UK is both the most humane and the most scientifically valid research undertaken anywhere in the world.
I have just acquired a booklet entitled The Use of Animals in Biological Research, published in Spring 1999 by the Biotechnology and Biological Science Research Council (BBSCR). I was somewhat comforted to read that: "the BBSCR recognises that the welfare of laboratory animals is important not only for ethical reasons but also for obtaining the best possible data". This is a more optimistic note on which to conclude this Editorial.
